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A Study on the Traffic Safety of VLCC for Incheon
North Port by Using Ship Handling Simulation

Choi, Youn Jung

Department of Navigation Science

The Graduate School of Korea Maritime and Ocean University

Abstract

Recently, ships have been getting larger and larger in size thanks to the
development of cutting-edge technology and the shipbuilding industry.
Accordingly, the traffic route of each port needs deeper water level and wider

fairway width while port areas demand bigger facilities.

As ships become larger, mutual intervention increases between the ships
departing and arriving at the port, whereas ship handling performance
declines due to deep drafts. The challenge of ensuring safe ship operation

reveals the limitations of countermeasures during emergency cases.

The north port of Incheon is specifically famous for its strong current,
narrow fairway, and many curved fairways, which are brought about by its
geographical structure where many islandsexist around the fairway. Therefore,
the maximum size of a calling vessel has been restricted to full-loaded 70K
DWT Panamax vessels until now although half cargo-loaded VLCC will call
the port in the future.
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This study reviewed the surrounding conditions of the Dongsudo fairway in
various ways and evaluated arrival and departure safety in consideration of

the VLCC’s maneuvering characteristics through ship handling simulation.

For study method, Incheon North Port’s five weak waters around Budo,
Baekam Lighthouse, Bukjangjaseo, Incheon Bridge, and SK Dolphin were set
based on ship handling simulation results conducted in the VLCC arrival and
departure familiarization training course for Incheon Port pilots using “the
marine transportation safety diagnosis research to enhance SK Energy/Incheon
CLX No. 3 Wharf berth capabilities” conducted in 2013. This study analyzed
and evaluated proximity and passing speed in the five weak waters by
setting them as evaluation factors.

This study presents the standard of safe passing by evaluating the passing
handling status of the VLCC based on the data implemented in a virtual
space using a simulator. However, the findings of this study cannot be used
as the basis to judge the status of mistakes/errors on the ship handling
accidents of similar ships because the standard cannot be absolute.

Many difficulties exist in patternizing, standardizing, and making numerical
values of ship piloting since ship piloting is a highly subjective work.
However, the analyzed and evaluated data indicate the average data of many
results, which can show a pattern.

Consequently, the data analyzed in this study are expected to be effectively
utilized in the VLCC'’s calling at the Incheon North Port.

KEY WORDS : The north port of Incheon, VLCC(Very large crude carrier),
Simulator, Half loading, Traffic Safety of VLCC, proximity,
passing speed.
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1,040.81,040.11,038.1]1,033.2]1,026.9[1,020.61,020.0|| ** |
1,002.3 993.4 | 995.7 | 990.1 | 988.2 | 974.2 | 984.8 ||

8¢ | 9¢€ | 10€¥€ | 11€ | 12¢ A
1,007.8/1,013.3(1,018.8[1,022.4{1,024.6]  1,016.1
1,018.9/1,028.4/1,033.0(1,039.3[1,042.3| 1,042.3
972.8 | 986.1 | 995.0 [1,000.8/1,003.6|  972.8

| [ | T | |t [
30 | 20 B ||
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Table 2.6 1A AFAFE AR Zolth #HdsE= 107.1¥, 10mmo]y
Y % =1

6.6€ 2 e

Table 2.6 Days of symptoms appearing (&t : )

T E|12 |2€9 (392 [4€ |5€9 |6€¥ | 7€ |8€¥ [ 9¢¥ [10€ 1€ |12€¥ | @
g & (135(121/101| 93 | 81 | 49 | 21 | 40 | 8.0 |12.5|10.8|125|107.8
5 #4950 66|68 |92 |114|176|12.1| 81 | 44 |53 | 43 | 958
o 7|22 30|41 |46 |65|73[92[26|19|29|24]20 | 487
Z 410605142228 (32|71 |54|31|16]|17]|05] 301
F A 72(39|21] - - - - -] - - | 111]51| 195
2 W [296(251|148| 08 | - - - - | - |06]10.0](25.7]|106.6
Z Z|05(06|05[06[02(01/02|04/|01]03]|07]|09]| 50
5 A/01[03|03[11|14|18|33({31|15|22(10]05]| 166
71 &]152 (17| - - . - - 2 - - - | 25| 94
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Table 2.7 Hurricane impact on incheon port

- =1 =1 3 [ N
9% msm | wae ; ;jé% = ;ﬁ;;iij P BECEL
8110/ OGDEN [1981. 7.27| 22.0 |148.5| 975 65 7.31~8.2 |A3), &3l
8118 AGNES [1981. 8.26/ 16.0 |148.0| 947 95 831~94 | A=
8211| CECIL [1982. 8. 4/16.0 |130.0| 914 125 | 8.12~815| A=
8508 KIT 1985 .7.31| 21.5 [146.0| 960 70 8.8~8.11 A=y
8613 VERA  [1986 .8.13/17.0 |133.5| 925 45 | 827~829 | A=
8705 THELMA [1987 .7. 7/11.0 |150.0| 915 50 |715~716| A=
8708 ALEX  [1987 .7.21) 85 |143.0| 970 45 | 7.29~7.30 | At
8712| DINAH [1987 .8.21/ 11.7 |150.7| 915 50 |830~831| A=
9005 OFELIA [1990 .6.16| 8.5 [139.0| 970 32 | 624~626| A=
9210| JANIS (1992 8. 3/ 11.2 [145.0| 935 47 8.7~88 |47],3%
9306| PERCY (1993 .7.27| 21.0 [130.4| 975 30 | 7.29~7.30 |7, &
9411| BRENDAN [1994. 7.25 14.3 |129.5| 992 23 7.31~8.1 A=
9414| ELLIE  [1994. 8. 6/ 28.5|1465| 965 35 |814~816| 77
9429| SETH  [1994. 10.2| 85 [160.0| 910 55 [10.10~10.12 A=
9809 YANNI [1998. 9.28 20.4 [126.1| 965 33 |928~930| A=
9905 NEIL  [1999. 7.25/23.5(128.9| 980 25 | 726~728 | A=
9907 OLGA  [1999. 7.30/ 17.2 |134.0| 970 33 8.2~8.4 A=
9918 BART  [1999. 9.19 22.3 [128.5| 930 45 | 923~924 | A=
0012 [PRAPIROON|2000. 8.27/ 19.8 [131.5| 965 36 |831~9.1| A=
0014| SAOMAI [2000. 9. 3/ 16.2 |148.0| 925 49 |9.12~916| A=
0205 RAMMASUN/2002. 6.29| 11.3 |136.5| 945 44 7.4~76 A=
0209| FENGSHEN [2002. 7.15 12.8 [170.0| 920 51 7.26~7.27 |'&3l, 413
0215 RUSA  [2002. 8.23/ 16.5|161.0| 950 41 8.30~9.1 A=y
0314| MAEMI [2003. 9. 6/ 16.0 |141.5| 935 46 | 912~913 | A=
0415| MEGI  [2004. 8.16| 18.8 [130.0| 970 33 |817~819 | A=
0807| KALMAEGI [2008. 7.15 18.1 |123.7| 960 39 | 719~7.20 |A7),%3




1980%3~1989

198913 ~1994d

8178, 8410

8306 —gato gsia

0° 140° 150"
NO.  NAME NO.  NAME NAME NO. NAME NO.  NAME
8013 ORCHID | 8210  BESS | 8310 FORREST | 8513 PAT 8705  THELMA
8105  JUNE | 8211  CECIL | 8410  HOLLY | 86520 BRENDA | 8708  ALEX
8110 OGDEN | 8213  ELUS | 8508 KIT 8605 NANCY | 8712 DINAH
8118 AGNES | 8219 KEN 8509 LEE 8613 VERA | 8906 ELLIS

1

10°

120° 130° 140" 150"

110° 1207 140° 150°
NO.  NAME | NO.  NAME | NO.  NAME | NO.  NAME | NO.  NAME
8911 JUDY | 9109 CATLIN | 9119 MIREILLE | 9306  PERCY | 9411 BRENDAN
9005 OFELA | 9112 GLADYS | 9210  JANIS | 9307 ROBYN | 9413  DOUG
9007 ROBYN | 9113 NONAME | 9219  TED | 9313  YANCY | 9414  ELLE
9019 | FLO | 9117 KINNA | 9305 OFELIA | 9407  WALT | 9429  SETH

1995 ~2002

2002 ~2009d

) S 4
110° 120° 130" 140° 150"
NO. = NAME NO.  NAME | NO.  NAME NO.  NAME NO.  NAME
9503 FAYE | 9708  ROSE | 9810 zE8 9917 ANN 0014 SAOMAI
9514 | RYAN | 9711 TINA 9905 NEIL 9918 BART | 0205 RAMMASUN
9606 EVE 9719 OLWA | 9907  OLGA | 0006 BOLAVEN | 0208  NAKRI
9612 | KIRK 9809  YANNI | 9908  PAUL | 0012 PRAPIROON| 0209 FENGSHEN

2 (L
Ay

1107 120° 130 140"
NO.  NAME NO.  NAME | NO.  NAME | NO.  NAME
0215  RUSA | 0314 MAEMI | 0416 CHABA | 0610 WUKONG
0304  LINFA | 0407 MINDULLE | 0418 SONGDA | 0613 SHANSHAN| 0807
0306 SOUDELOR| 0410 NAMTHEUN| 0514  NABI | 0704  MAN-YI
0310 ETAU | 0415  MEGI | 0603 EWINIAR | 0705  USAGI

Fig. 2.1 Typhoon route map
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Table 2.8 Tide in incheon port
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Table 2.9 Maximum tide speed in incheon
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Table 2.10 Deep sea design wave 1
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Table 2.12 Shallow sea design wave
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2.3.2 A4tz

Y] AukA] A WAMEA 123, EARYEA] 632, ARHRA] 53, AHA 1%,
%8238 13X S F Table 2137} Fig. 249} ZTh.

Table 2.13 Incheon port anchorage status

23 HA HE7 (m)| FA4Im | A 8H2 o) [ 8] 2(G/T)
W-1 N 37° 22° 25" E 126° 31" 31" | 400 | 140 | 275 | 50,000
W-2 N 37° 22" 50", E 126° 31" 51" | 400 |11.6| 275 | 50,000
W-3 N 37° 23’ 15", E 126° 32 13" | 400 | 102 | 275 | 50,000
W-4 N 37° 23’ 39", E 126° 32 33" | 300 | 103 | 175 | 30,000
>4 3 g4
W-5 N 37° 24’ 18", E 126° 32 12" | 300 | 79| 175 (A%
W-9(1 4 71)| N 37° 25’ 52", E 126° 34’ 02" | 300 | 115 | 175 | 30,000
W-10 N 37° 26’ 21", E 126° 34 12" | 300 | 115 | 175 | 30,000
W-11 N 37° 26’ 50", E 126° 34’ 22" | 300 | 115 | 175 | 20,000
W-12 N 37° 27 20", E 126° 34’ 32" | 300 | 120 | 175 | 15,000
W-13 N 37° 27 49", E 126° 34’ 42" | 300 | 120 | 175 | 15,000
W-14 N 37° 28’ 18", E 126° 34’ 51" | 300 | 120 | 175 | 15,000
W-15 N 37° 28 58", E 126° 35" 07" | 225 | 10.0 | 100 2,000
E-1 N 37° 21’ 34", E 126° 32’ 34" | 400 | 140 | 275 | 100,000
E-2 N 37° 22 07", E 126° 32" 39" | 400 | 80| 275 | 10,000
E-3 N 37° 22" 32", E 126° 32 58" | 400 | 61| 275 | 10,000
E-4 N 37° 23’ 00", E 126° 33 15" | 300 | 11.0 | 175 5,000
E-5 N 37° 23’ 26", E 126° 33’ 33" | 300 | 11.0 | 175 | 50,000
E-6(v12tl7]) | N 37° 23’ 53", E 126° 33’ 50" | 300 | 11.0 | 175 | 20,000
A-3 N 37° 22" 36", E 126° 33 29" | 300 | 43| 175 2,000
A-4 N 37° 23’ 04", E 126° 33 47" | 300 | 43| 175 2,000
A-5 N 37° 23’ 31", E 126° 34’ 03" | 300 | 4.0 175 2,000
A-6 N 37° 23’ 50", E 126° 34’ 21" | 300 | 6.0 175 4,000
N 37° 25 05", E 126° 35’ 39" Lﬂil@ o 3] 4
A9 N 37° 25" 10", E 126° 35 16" & | 25 ] o
N 37° 24’ 12", E 126° 34’ 54" |AZA%| ~45 P
N 37° 24’ 06", E 126° 34’ 18" | Ay (FAw)
Q-1 o s E=1m o mnr Mol 6.0 5,000
e N 37° 21’ 51", E 126° 33’ 28 900 | ool - 50,000
N 37° 14’ 18.32", E 126° 25 41.69" |UAH
Y-1 N 37° 14" 29.23", E 126° 25" 41.61" <
(4&sle) | N 37° 14 18.30", E 126° 25 38.75" | A A3 203 ) 76,000
N 37° 14" 29.20", E 126° 25" 38.67" }?jlﬂ

_16_



=
i

O F Table 2149} 2t}

Table 2.14 Kyungin port anchorage status

83 A W7 (m) | T4 (m) H 3
W-16 N 37° 31" 14.0", E 126° 35" 25.6" 250 9.0 Za =Rl
W-17 N 37° 31" 29.7", E 126° 35" 19.9" 200 8.0
B) ¥-=% 7] FA
A= 7] A e] B AFN7IH A 33X 2 Table 2159 2t
Table 2.15 Waiting anchorage status for arriving/departuring
T = T4 (m) 2 A v 3
N 37° 19° 54" E 126° 26’ 06" A AL
ATUFN 718 1A]| 23~28 | N 37° 19 36" E 126° 23 38" | ., _L“jﬂ
N 37° 17 36" E 126° 23’ 42" Tt
N 37° 06" 42" E 126° 12" 30"
, N 37° 04" 48" E 126° 14" 42" v A -
A 2% & 7] A vk x ~ _
f2%d = H 7178 ¥4 10~30 N 37° 01" 30" E 126° 10" 00" AAZ A
N 37° 03" 30" E 126° 08" 30"
: HE1vred A
A3A 8] 7] A 8kA] | 7.6~ ° 11" 06" ° 25" 40" °©
N3 71789k 7.6~20| N 37° 11" 06" E 126° 25 40 5,000G/T 1%k

_17_
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100, 18] a1 100 feet
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Table 3.1 General criteria for the fairway width (American standards)
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Auke] A5E M ° WL A5 Fre Aol P, Aol 43
s, ARAL, B2l WA, 714 2D 52 aeske] Agskelol @ A3
=B A

Al A& 13.5me} Ballast condition A¥E&<F 95mE o= HESH. VLCC
+3Z71-2 Full Cargo(200%t v, 28631 DWT)dElolA 4HCLX SKeo|lu=] FF
oA 12} Half Cargo(Au}&< 13.5m7|5)E stHstar, AXCLX #A135-F SKely
A FHFo| A 232 519 ¥ Ballast condition©.Z XS =33t} A 3|
9 ]

3~43]t}.

Table 3.3 Target vessel specifications

A uEa}E SR 70]| 22 AIR KTM WTM SRk
A | 20 | B D 1| DRAFT | Aol 4 @ o)A £RMS.L)A
AT L )| oy [@[O ™) ) peEAA see | 38R @)
FULL
CARGO 22 7.648 44.3m 74
HALF % H.W.Lol| A
CARGO 332 58 129.6| 13,5 | 16.148 | 66.3m 52.8m B A
BALLAST _ com
COND. 9.5 | 20.048 56.7m

() F2 4

ST



Table 3.4 Fairway depth

T & AR 7] (A A) Al A 3}
PIANC RULE H=D+0.15D(swell’=Z& 73-%) 15.525m
NAVFAC DM-26 H=D+Ds+Dr+Dt+Dw 15.60m(¥1l: 2m 7 -F)

(44714 D : 13.50m, Ds : 0.5m, Dr : 0.3m, Dw : 1.0m %-&)
@) F= &

Table 3.5°] YERH ule} o] VLCCEOYF DWTH) 4871+ &2 Z& 7H%
e AAI7IEANAM Be FE Eo] 477.0m~596.0m=Z HEFHN oM, AA o)Al
Eo] BAL 3 He ANFEHHL FE Z 500m)olse] Hoh MEkzt
309+ DWT+10%F DWT)oll 223 &8 Z2& 430mE FE AA7EFS U&= A
o2 HEFNT elvg &5k 9 ojgdA7]1E3 PIANC RuledX& 4EFZ0
3 &2 F HE Ao Z447; tiAdute] do] gl £S5 ARREte] V|Ee Ak
ARt A 309 DWTE Adube] o o] &35e 343 A= tdd=(AdT 1
2)oll4 308t DWTH Aol & Faels e d4sA @& zlo= A

o oA dAS 7P st Sle SEIE wapdute] HojAdks o] &5t
o g2 Fo] HPHE H71E= NAVFAC DM-260] 714 dA Aotk
Table 3.5 Fairway width
T 24 71 (B2=40m) ALk A H) a1
o &}l 1;_1
A A 7 =
(;100:;/\}]1?_] Eia) 1.5L 498m
1o 7 [e)
comarma gz | (TR AZE A VLCC
A7 (30t
—_L
PIANC RULE 8.0B~10.0B 464m~580m ELVBXE]HZ)
S ™= s
ship, bank clearance&
NAVFAC DM-26 1H3 JEV|E A& 313.2m~493m
5.4B~8.5B
o] %] 8}3} =
ZE]!E 73 - 1= O ©O
22 >00m Z500~1000m
ship, bank clearance& 309 DWT+
NAVFAC DM-26 IHs AHEV|FE AL 273.6~430.0m 10WDWT
(3.2B1~5.0B1)+(2.2B2~3.5B2) k!
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Table 3.6 Required turning circle on fairway design criteria for 30 DWT VLCC

. 28 3% (m)
2 X 3] =
v =13 (L : 332m)
v F2AHA J|F 1.5-2.0L 498 ~ 664
dE Fhar 2L 664

=M=
TT

Aol Hagk A2 v= FREAAZIEAAM=

22 498mel Al Aoy

664m7} o3, &I} 2y Afde dde =& ¥ H5 664m7}

283 Zos ZAEAT

H2 680m R, FZFAo Aulo]

#1538 < [DL(-)14m]=

tlo 4o AN o

q]xl—
gRskx] Eslal o, wekA Fig 349 2ol tiaRT
Adate] F2Mow FAIR H34d s
o082 oFd HF= thHlst] 1A ge(de HSsth o g FAIGH FE
Tt SAES 4. 4T B S4WA S Table 377 2.

|l L
(

G - -
~LCC(300,000DWTS] ~
(Half Cargo 150,000DWT)

Fig. 3.4 Turning waters(2L) and additional
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Table 3.7 Dredging amount and dredging area

T &5 g2 5+ 2] (A = A) Al
F M 127,600’ 33,700m’ 161,300’
FAHA 23,520’ 3,600m’ -
(5) AXHnl w=Fe] Fata
etz o F2 wEke] ol HE A a1y dfof & &2 Table 3.83 2t}

Table 3.8 Calculation of considerated item for bridge type

g = W & Al REA]
@ w44 B Air Draft BatETd 71+ 56.7m
@ AHrel EY 30~60 cm (NAVFAC DM26) 0.30m
@ Jar AA 318 1/2(2.0m) 1.0m
@ wFe A3 A 2174 /400 0.2m
i AAFL g AAYILZE 2,07 E 0] 7] W Z ]
© dAE 8T 0 Aere BAls 0.00m
_ dutAg o2 x| extE 2 20~30% o]
}_/H_?_ = = =) 7
® =423t 241 10.3m o[t 0.30m
713kl o3 i e P
7 ol j i 7]18t°] 100hpa 3k23stH W2 °F 0.1lm 74| 0.05m
o o
Tt T o7 Y e AdAAEAAMY &2 | 0.00m
© A9 AxF AR AgF AqfF Eol 2.00m
HAE Az A il 69.0m(FHILILES] 71F) 60.55m

VLCCO 214 HABFS ] AMm TR A4S AESW, 919
Table 3.8 3¢ @ @ F=o| FAE 385mol T, BF

£ 93 Aol HH
T

BHS & HALde 2ol ¢l ZFropxt) Lightship condition)
el A Air draft7]— 56.7m=ZA @~©Q &9 FAR] 3.85mE HF 72 60.55m
7} Ha, Qe Far) 69.0mo]EZ of-f 3t 8.45m(69.00 - 60.55) A
Yotaol HAe FdrRATY FTHETT
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o] £8KHtt A w27 wFo Stern Squat V> AF dojuA] @ I
By the head® Trime| Hgthy B FHo)

4.2 314K DWTH 2 A VLCCY ZFA% A3 A=

o] At + At 20081 9dol AohFEFT AN =3 318K DWTH VLCCO Al
Z A= (Result of sea trial for hull part) FolA =% é%ﬂ' add Aoy, 11 F
22 T4l (Deep water)oll Aol 2FAH #HH HZExE A3 H(Turning Circle)3 EFZ}
10° R 20°90 4 9] A 1A 1(Zig-Zag) El~E, Crash stop BIZE, 27| 3] A (Initial
Turn-ability) H|2EE T3} 2t}

421 A4t A

422 A34d A¥

Table 4.2°] =7 A Table 433} o] A4 H7IE ¢l A4 VLCC ¢4
A3E % A7} Advancew 885m(2.7LBP)E IMO(International maritime organiz
ation, ©]3} IMO) ZF457]F<S 4.5LBP(Length between perpendiculars, ©]3}
LBP)©] 3}, Tactical Diameter= 842m(2.6LBP)E 5.0LBPo|3l& "r=3staitt. &
A3)e] A% wpR7EAIE Advancew 889m(2.7LBP), Tactical Diameter: 859m
(2.7LBP) 24 IMO %E/457]%< 4.5LBP%} 5.0LBP ©|stE wHEsttt.

Table 4.2 Condition : Design Draft Condition

Weather Fine

Sea state ST. 4

Sea depth 120~124m

Draft FWD AFT
20.53 m 20.53m
PORT STB’'D
Relative wind S.140 deg. S.120 deg.

35 m/s 50 m/s

_39_



Table 4.3 Turning trial result

Turning trial result PORT STB'D
Initial course 180 deg. 180 deg.
Initial speed 15.1 kts 15.1 kts
Initial RPM 68 rpm 68 rpm
Sea depth 120 m 124 m
Rudder angle 35 deg. 35 deg.
Advance 885m (2.7LBP) < 45LBP | 889m (2.7LBP) < 45LBP
Tactical Diameter 842m (2.6LBP) < 5.0LBP | 859 m (2.7LBP) < 5.0LBP
Ship’s position 35°29 " N, 129°45 " E 35°25 " N, 129°46 " E

4.2.3 10/10= ~ 20/20% Zig-Zag A3

Table 4.4°] ZolA WX ¥} yaw checking T3S B7F 798|
Zig-Zag(10°-10°) 2} Zig-Zag(20°-20°) testES 3+ A, Table 4.5, Table 4.67 ]

1st overshoot angle> Zt7} 7.5deg, 13.7 deg. = IMO ZF 457 20deg. & W
=3kt

Table 4.4 Condition : Design Draft Condition

Weather i
Sea state - 'S,
Sea depth fn
FWD AFT
' ' S. 120 deg.
Relative wind 20 m/s

Table 4.5 Zig - Zag trial (10° - 10°) result

Initial course 180 deg.
Initial speed 15.1 kts
Initial RPM 68 rpm
1st overshoot angle 7.5 deg. < 20 deg.
2nd overshoot angle

Ship’s Position

23.0 deg. < 40 deg.

35° 21" N, 129° 46" E
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Table 4.6 Zig - Zag trial (20° - 20°) result

Initial course 180 deg.
Initial speed 15.1 kts
Initial RPM 68 rpm
1st overshoot angle 13.7 deg. < 25 deg.
Ship’s Position 35° 15" N, 129° 46 " E

4.24 Crash Stop Astern Al g

1 @]

Table 48914 R Z3} 2o] Table 479 21X AlF & H7tatr] 913
Crash stop astern= % ZA¥, Sailing distance= 4,358m (13.5LBP)E IMO %%
X571 15LBP °]8E RHE3tait.

Table 4.7 Condition : Design Draft Condition

Weather Fine
Sea state ST. 4
Sea depth 119 m
FWD AFT
Draft at gauge 2053 m 20.53m
' ' S. 60 deg.
Relative wind 11.0 m/s

Table 4.8 Crash stop astern trial result (Date : September 27, 2008)

Initial course 235 deg.
Initial speed 15.1 kts
Initial RPM 68 rpm
Time when RPM = 0 10 min. 20 sec.
Time when speed = 0 kts 15 min. 42 sec.
Sailing distance 4358 m (13.5 LBP) < 15 LBP
Ship’s Position 35° 29" N, 129° 41" E

4.2,5 Initial turning ability trial (Stb’d)

Table 4.10014 R A3 Zo] Table 499 2 A Hx A3 59 Frst
71993 A1@q A3}, Sailing distance® 609m (1.9LBP)E IMO ZFA57IE<]
2.5 LBP ©|at& ®F<etaith,
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Table 4.9 Condition : Design Draft Condition

Weather Fine
Sea state ST. 4
Sea depth 125 m
FWD AFT
Draft at gauge 9053 m 20.53m
— S. 120 deg.
Relative wind 2.0 m/s

Table 4.10 Initial turning ability trial result (Stb’d)

Initial course 180 deg.

Initial speed 15.1 kts

Initial RPM 68 rpm

Rudder angle 10 deg. (Stb'd)
Sailing distance 609 m (1.9 LBP) < 2.5 LBP
Ship's Position 35° 21" N, 129° 46" E

4.3 300K DWTHE EdA48} VLCCY ZFAF AR

AutzF A Eg ol ARESH VLCCe] RdAiHle TRANSASALo| Al 7] Ekst
300K DWTH VLCCE i-fFEY WAL “Ship Motion Model name: VLCC_9 -

Soft version: 3.0.6.07°]t}. o] EElXAulo] F Q3 XEFEX L ol e} ).

o] REldu VLCCY A3 745 (Bulbous Bow)©olil, 417] 3% (Stern
type)= Ho| ¥ (V-shaped)= 3t At F 7]|#(Main engine)S AT A7

2 o
e

(Slow speed diesel)o.= 4 & (Design power)= ¢F 23,493kW(31,492HP)°] L
=9 (Astern power)> AAEH 9| °F 66.5%°] 1L Pitch ratiox= 0.67°] .

o

aute] gRE ZEde, 7] 9 AAE QAN U9 o, =

o) =)

232 32 (Propeller type)< FPP(Fixed pitch propeller)] 413 TH&3}(Right
handed single propeller)o]tt. 7] 3 24](Rudder type)< Semi-suspended©]il
H e} (Max. Rudder Angle)2 35%°¢]™ GH3Fe] E}AZ (Immersed Area)
1094molth. Fdo| Fag PA= 77 23802 PAA QAL A7 (Diameter of
chain) 122mmeo]al Ho| YHZELE(Max rate of heaving)= 18m/min©|th. Table

411 Engine Telegraph Table ©]il, Fig. 4.5+ Ship Images ©|th.

_42_



Table 4. 11 Engine Telegraph Table

Engine order Speed, kts Engml(zvgower, RPM
Full Sea Ahead 17.6 22,320 78
Full Ahead 16.2 17,679 72
Half Ahead 14.4 12,575 64
Slow Ahead 10.2 4,607 45
Dead Slow Ahead 6.1 1,141 27
Dead Slow Astern 25 2,087 27
Slow Ahead 3.6 5,511 -38
Half Astern -4.4 10,196 -47
Full Astern 5.1 15,624 -54.4
M ]
~ S
TR == B 1803

Fig. 4.5 Ship Images

432 AFFoA e Hdute =FAF

o] melldule] z12 4l (Deep water)o| A9 2FAS A% B2 35° € 20°9]
A 89 A3 A(Turning Circle)? EFZE 206149 & 3% 71459
(Accelerating turn), B}z 10° @ 20°0| A o] A 1A 1 (Zig-zag) BHIZE, 27| A3
’d(Initial Turn-ability) Z2]3L Pullout ¥ Spiral H=Eo| tigh A5+ off<}

gor), 9 B2 v, 27, FE Y o2 5& 2F RASYC

¢

-

(1) Turning Circle 35° STBD

0][‘

Table 4.129} Fig. 4.6 AFHolx AMute] 2FAH5S Hr7sr] 98 82
35° Ao E M3AS wWel AH=EMH, Advancex= 721.54m(2.25 LBP)E IMO
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R

711 45 LBP ©]|3}E, Tactical Diameter= 713.62m(2.23 LBP)Z 5.0
LBP ©|3}E w= 3}9313}. %7143 & 17.69kts, Final43-& 7.08ktsZ 59.77% &8
£4o] e, Pivot point= 0.24LBPS T

Table 4.12 Basic parameters

Initial engine telegraph setting 100 %
Initial speed 17.69 kts

Right Direction Yes
Ordered rudder 35 deg

Time to heading change 90° 112.6 s

Advance 721.54m, 2.25 LBP
Transfer 312.29m, 0.98 LBP

Time to heading change 180° 2226 s
Tactical diameter 713.62m, 2.23 LBP

Time to heading change 360° 483.6 s

Steady diameter

627.17m, 1.96 LBP

Final rate of turn

39.95 deg/min

Final speed 7.08 kts
Final u 6.86 kts
Final v -1.73 kts

Speed loss 59.77 %

Pivot point 0.24 LBP

-1

-600

Ahead Reach, m
B
=)
&

400

600 8

——Track plot(s)

Side Reach, m

Fig.4.6 Track plot(s) with ship outline when course is 90°, 180° or 270°
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(2) Turning Circle 20° STBD

Table 4133 Fig. 472 AgdolA Axte] =FAs<S H7tshr] S8l 84
20° $Fo7 M3IEHS W AF}EH, Advance: 949.9m(2.97 LBP)Z IMO
T/4%571%<] 45LBP ©]3}E, Tactical Diameter= 1200.4m(3.75 LBP)Z 5.0LBP
1S wEsg T 2714582 17.69 kts, Final% 8- 10.14 ktsotZ 41.11%2] <
Aol Ao Pivot point= 0.38 LBPSITH

B
N

o
ol
il

L)
rx

Table 4.13 Basic parameters

Initial engine telegraph setting 100 %
Initial speed 17.69 kts
Right Direction Yes
Ordered rudder 20 deg
Time to heading change 90° 146.7 s

Advance

949.9m, 2.97 LBP

Transfer

507.09m, 1.58 LBP

Time to heading change 180° 300.6 s
Tactical diameter 1200.4m, 3.75 LBP
Time to heading change 360° 650.6 s

Steady diameter

1210.03m, 3.78 LBP

Final rate of turn

30.31 deg/min

Final speed 10.36 kts
Final u 10.15 kts
Final v -2.07 kts

Speed loss 41.11 %

Pivot point 0.38 LBP

Ahead Reach, m

—Track plot(s}

Fig. 4.7 Track plot(s) with ship outline when course is 90°,180°,270°



(3) Accelerating turn, 20° STBD

Table 4.149} Fig. 482 AHolA B 20°0M ¢ Aoz 3|57t

LBP ©]3}&, Tactical Diameter+ 1,240.1m(3.88 LBP)= 5.0 LBPo|3}& "3

JE
o

o 271492 0 kts, Final& 82 8.16 kts¥ 2™ Pivot point= 0.38 LBPSI .

= T

Table 4.14 Basic parameters

Time to heading change90

Initial engine telegraph setting 0 %

Initial speed 0 kts

Right Direction Yes
Ordered engine 50 %ET
Ordered rudder 20 deg
387.6 s

666.23m, 2.08 LBP

Time to heading change 360

Advance
Transfer 519.59m, 1.62 LBP
Time to heading change 180 623.6 s
Tactical diameter 1,240.1m, 3.88 LBP
1077.5 s

Steady diameter

1,210.61m, 3.78 LBP

Final rate of turn

23.86 deg/min

Pivot point

Final speed 8.16 kts
Final u 7.99 kts
Final v -1.63 kts

0.38 LBP

Ahead Reach, m

——Track plot{s)

Fig 4.8 Track plot(s) with ship outline when course is 90°,180° 270°




(4) Zig-zag 10/10 Deg.

Table 4159} Fig. 4.9= AHolA B 1014 9] Zig-Zag Testdr A2 H,
1st overshoot angle2 7.92deg.® IMO ZF%57|+<] 20deg. °l3tE, 2nd
overshoot angle 14.09deg. 2 7|& 40deg. ©|3lE RFE3A T

Table 4.15 Basic parameters

Initial engine order 100 %
Initial speed 17.69 kts
Right Direction 1
Heading deviation 10 deg
Ordered rudder 10 deg
1st overshoot 7.92 deg
1st overshoot time 176.3 s
2nd overshoot 14.09 deg
2nd overshoot time 3495 s
3rd overshoot 12.3 deg
3rd overshoot time 5121 s
Period 341 s
Final speed 15.43 kts
Final time 1,023 s
Heading(deg) and rudder{deg) vs time(s)
200 OS@NAAS &Y 0
15.0 1
10.0 7
50
00 -t
50 7
-10.0 1
-15.0 1
2200 1
200 800 1000

Fig. 4.9 Zig-zag trial 10/10 Deg. result

(5) Zig-zag 20/20 Deg.

Table 4.167% Fig. 4102 A9

off Al E}Z} 20°0 41 9] Zig-Zag Testdt AIEH,
1st overshoot angle 11.49deg.® IMO ZFA57]1F<% 20deg. ©l3HE, 2nd




overshoot angle2 13.31deg. 2 7] 40deg. ©|3tE THES3IA T

Table 4.16 Basic parameters

Initial engine order 100 %
Initial speed 17.69 kts
Right Direction 1
Heading deviation 20 deg
Ordered rudder 20 deg
1st overshoot 11.49 deg
1st overshoot time 187.8 s
2nd overshoot 13.31 deg
2nd overshoot time 353.6 s
3rd overshoot 10.44 deg
3rd overshoot time 510 s
Period 33217 s
Final speed 12.11 kts
Final time 996.5 s

Heading{deqg) and rudder{deq) vs time(s)

20.0 7

200 1
100 1
0.0 71

-10.0 1

200 1

300 1

200

<400

600

800

Fig. 410 Zig-zag trial 20/20 Deg. result

(6) Initial Turn ability
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401.25m(1.25 LBP)Z IMO ZFA 5 7]F0 sttt




Table 4.17 Basic parameters

Initial engine order 100 %
Initial speed 17.59 kts
Ordered rudder 10 deg
Final course 10 deg

Full path 401.56m, 1.25 LBP
Head reach 401.25m, 1.25 LBP
Side path 10.27m, 0.03 LBP
Full time 442 s
(7) Pullout
Table 4183 Fig. 41104 H= A3 o] HZE A3y, IMO ZFA57]F
Bl A
Table 4.18 Basic parameters
Initial engine order 100 %
Initial speed 17.69 kts
Initial rudder(PORT/STBD) 20°
Ship is stable No
STBD: final rate of turn -17.25 deg/min
STBD: time to steady 1,530.7 s
STBD: non dimensional time to steady 44.04
(time*Vdesign/Lwl )
PORT: final rate of turn 16.32 deg/min
PORT: time to steady 726.6 s
PORT: non dimensional time to steady 20.9
(time*Vdesign/Lwl )

RoT, deg/min vs undimensional time
40.0

30.0 3
20.0 7

10.0 4
0.0 7
-10.0 9

-20.0 9
-30.0 1

;

-40.0 7

0 30
mSTBD

uPORT

10

Fig. 411 Pullout
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(8) Spiral Test

Aure] 2354 o YAEAE AL FANA AFHOE ojn

o
>
o2

KR E
o] NAAEEE 2EAE ] Askel ol Bl tatel Yaks Aol
O AdE At =342 vAddAdol At <Al tie K B Tt =
L EHS BAT S glong, of AP Bate UL Asel ojste] Azokd
e BEske H #FE&sHA EEE 4 Utk Table 419, Fig. 4129 #Z°] HZE
A3 IMO 2F457]Ecl W3
Table 4.19 Basic parameters
Initial engine telegraph setting 100 %
Ship is stable 0
Delta Wz when rudder is midship 33.57 deg/min
RoT{degimin) vs rudder 2Nd lefdeg)
30.0 7
20.0 A
10.0 7
0.0 J e W | B T
-10.0 7 : :
-20.0 7
-30.0 1
-40.0

—3ICI —2ICI —’IID [IZI ’lICI 2ICI SICI
Fig. 412 Spiral test result

433 Ao A2 Aute] ZF A5 (Controllability in Shallow Water)

o] XM uto} X <*(Shallow water)oll 418 ZFA 2 BFZF 35° 3 20°0 49 ¢
de] d3]A(Turning Circle)? EFZE 20°014 9] & 357} 8 (Accelerating
turn), EFZF 10° %€ 20°9A19] A IA|A(Zig-zag) EIZE, Z7] 413]A4(Initial
Turnability) 18|32l Pullout ¥ Spiral El2Ee] tidt A5 oo}l gow, F
H A ZAE v, 27, 35 2 dexd 52 BT FASAT o 4%
Fomo) HlE %4 1125molA 424/ E4H/T)E 152 319

(1) Turning Circle 35 deg STBD



Table 4.20, Fig. 4133 #Zo] Mo Mdute] Z2FAH S Bt A8
5° $d o2 X433ty S uwl, Advancex 791.73m(2.47 LBP)E IMO ZFA]

€}
-
[e)
=
=

—_

WSS H T 2714588 17.54kts, Fold 5L 719ktsE 59.11% 2] &8 £4o
AR ™ Pivot point= 0.24 LBP T

Table 4.20 Basic parameters

Water depth 11.25 m 1.5 H/T
Initial engine telegraph setting 100 %
Initial speed 17.54 kts
Right Direction Yes
Ordered rudder 35 deg
Time to heading change 90° 135.7 s
Advance 791.73m, 2.47 LBP
Transfer 404.97m, 1.27 LBP
Time to heading change 180° 276.6 s
Tactical diameter 886.22m, 2.77 LBP
Time to heading change 360° 597.6 s
Steady diameter 770.03m, 2.41 LBP
Final rate of turn 33.07 deg/min
Final speed 7.19 kts
Final u 7.05 kts
Final v -1.4 kts
Speed loss 59.11 %
Pivot point 0.24 LBP

———

Ahead Reach, m

Side Reach‘, m

——Track plot{s)

Fig. 413 Track plot(s) with ship outline when cource is 90, 180 or 270
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(2) Turning Circle 20 Deg STBD

Table 4.21, Fig. 4149} o] HgHolA B2 20° o2 A3 si< o,
Advancet 1022.46m (3.2 LBP)E IMO ZF A 57]&% 4.5 LBP©|3}E, Tactical

Diameter+ 1,374.55m(4.3 LBP)Z 5.0 LBP ©]3}

g wEsan. 271488

17.54

kts, Final4:3 -2 10.37 ktsot= 41.04%°] &3 £4do] AN 2™ Pivot point=

0.31 LBPS Tt}

Table 4.21 Basic parameters

Initial engine telegraph setting 100 %
Initial speed 17.54 kts

Right Direction Yes
Ordered rudder 20 deg

169.8 s

Time to heading change 90°

Time to heading change 360°

Advance 1022.46m, 3.2 L
Transfer 616.54m, 1.93 L

Time to heading change 180° 347.6 s
Tactical diameter 1374.55m, 4.3 L

740.6 s

Steady diameter

1353.32m, 4.23 L

Final rate of turn

2713 deg/min

Pivot point

Final speed 10.37 kts
Final u 10.27 kts
Final v -1.49 kts

Speed loss 41.04%

031 L

Ahead Reach, m

——Track plat(s)

Fig. 4.14 Track plot(s) with ship outline (cource:90, 180, 270)




(3) Accelerating turn, 20 deg STBD

Table 4229} Fig. 415+ A5 olA el 20°014 9] $doz 35 7t&8HS
39S wel A3EA, Advancers 716.63m(2.24 LBP)E IMO ZFA%7]1FS 45
LBP©]&}E, Tactical Diameter= 1,363.64m(4.26 LBP)Z 5.0LBP ©|3l& W31H
o =7]14% 2 0 kts, Final& 82 8.16 kts¥ 2™ Pivot point= 0.31 LBPS .

= T

Table 4.22 Basic parameters

Time to heading change 90

Initial engine telegraph setting 0 %

Initial speed 0 kts

Right Direction Yes
Ordered engine 50 %ET
Ordered rudder 20 deg
4246 s

Advance 716.63m, 2.24 LBP
Transfer 598.18m, 1.87 LBP
Time to heading change 180 687.6 s
Tactical diameter 1363.64m, 4.26 LBP
Time to heading change 360 1,195.2 s

Steady diameter

1,353.46m 4.23 LBP

Final rate of turn

21.36 deg/min

Pivot point

Final speed 8.16 kts
Final u 8.08 kts
Final v -1.17 kts

0.31 LBP

Ahead Reach, m

——Track plot{s)

Fig 415 Track plot(s) with ship outline when course is 90°, 180° or 270°




(4) Zigzag 10/10

Table 4.237} Fig. 4162 A5l A EFZ; 10°1 A 9] Zig-Zag test3t AIH{=EH,
1st overshoot angle2 5.75deg.Z IMO ZFA571+<0 20deg.©lstE, 2nd
overshoot angle 10.27deg. 2 7|% 40deg.cl3tE =33t

Table 4.23 Basic parameters

Initial engine order 100 %
Initial speed 17.54 kts
Right Direction 1
Heading deviation 10 deg
Ordered rudder 10 deg
1st overshoot 5.75 deg
1st overshoot time 178.1 s
2st overshoot 10.27 deg
2st overshoot time 348.1 s
3st overshoot 9.57 deg
3st overshoot time 512.8 s
Period 3445 s
Final speed 14.78 nots
Final time 1,033.5 s

Heading(deq) and rudder{deg) vs time(s)

15.0 7

1007

507

00 11

-50

-10.0 1

-15.0 7

-20.0

1000

Fig. 416 Zig-Zag 10/10 result




() Zigzag 20/20

Table 4.24%} Fig. 4172 ZFHllA B2y 20°04 9] Zig-Zag test?t ZAI=H,
1st overshoot angle2 9.42deg.Z IMO ZFA57]1F<0 20deg.©lstsE, 2nd
overshoot angle 11.06deg. 2 7|F 40deg.ol3tE =33t

Table 424 Basic parameters

Initial engine order 100 %
Initial speed 17.54 kts
Right Direction 1
Heading deviation 20 deg
Ordered rudder 20 deg
1st overshoot 9.42 deg
1st overshoot time 200.6 s
2st overshoot 11.06 deg
2st overshoot time 377.2 s
3st overshoot 9.17 deg
3st overshoot time 547.7 s
Period 359.7 s
Final speed 11.72 nots
Final time 1,079.1 s

Heading(deg) and rudder{deg) vs time(s)

20.0 1

10.0 7

0.0 77

-10.0 7

-20.0 1

-30.0 1

200 400 600 800 1000

Fig. 417 Zig-Zag 20/20 result
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(6) Spiral Test

Table 4.25 Basic parameters

Initial engine telegraph setting 100 %
Ship is stable 0
Delta Wz when rudder is midship 23.02 deg/min

RoTideg/min] vs rudder ,aﬂg lefdeg)
30.0 7

20.0 7
10.0 7
00§ """"""""""""
-10.0 7

-200 7

-30.0 1

-?;U —QIO —’IIO O WIU QIO SIO
Fig. 4.18 Spiral

434 AAduta 2ddvte] 2FA4% Bl B7}

A3E AdAx, dAAHEre]  Advancew 2.7LBP, EdAule] Advance™
225LBPZ F AH} =% IMO %EA% 71F< 45LBP vt wEstic) =3
Mty z2FEA ol AAAANEG o estA ustoen, Edidube
Advance7} AAAHET oF 17% B #A YEIH == & T AATH

Zig-Zag Trial Result(10-10)o1X = AA|Ad8ta} 2El A8kl 1st overshoot angle
7} 2nd overshoot angle EF IMO ZFA4% 71w WEAAT, AA =
zaldel 7ho] Zjol ko] 1stE Tt 2nd overshootoll A © =A 2Fol7} whom,

ol 2xprt A AXvE ou|E AEdeld sy mdido]l Ao s A
3] WrgekA xT ez dAdHE

Zig-Zag Trial Result(20-20)°| 4] % 1st overshoot anglec] AR T =M
ol Zrol ¥ ZHAl yegten, ol rdiute]l ¥ wEA xEre] FF0] s

F
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511 A¥t=xF A& |8 (FMSS : Full Mission Ship handling Simulator)
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Fig. 5.1 Ship building concept map in the simulation




143 AAEAS 2AsH7] AT =T Aol AAEH. ditdor H={A
2 A=W 7se a4 2] A% 234 APl UAE =S4 E
(Spiral test), ZA| & (Zig-zag test), A3 A& (Turning test)o] ©o]&Ft} Auke] &

T #AT =T AlFPole Acceleration test, Crash stop test, Coasting
test7} o] &HTh SHH, Aule] Aln=z Q1% AW I} AFeAS WA
st FASAIF(IMO)E Yo & Table 513 22 =% A% 7l

ABstR o A Sea trialoll Al ©] 7lEs T

(Maneuverability Standard)<
shok ek,
Table 5.1 Based on the ship’s maneuverability
[tem IMO Standards
Condition Deep water, Full 'load test speed,
Calm Environment
Turning ability Ad < 45L, DT < 5L
Initial turning ability 0=10", w=10", Track Reach < 2.5L
10°- 10° Zig-zag test
w, <10° (L/U < 10)
Yaw chec.kmg p w1<5+_]_(L/U-) (10 < L/U < 30)
& Course keeping ability 2
wy <20° (L/U > 30)
20°- 20° Zig-zag test
w; <25°
Stopping ability Track Reach <15L

7)o A tidAdute] mddgde AR 332mel 309 DWTH Y+4l(Half Loading
718)S WA E stk EZF A =AARS A AT ARE EUE =5
doista FMSS ArlolA Hfstal e 7HE FARE ARe & 13.5me] Half

al 3
Loading JHlo] A8 He< 7H o AES A &35

52 AulzZ AEgolAd Brl Wy

Fub R 5l A M A EHOIHE ol&sty ATste Fd HFH2 A
ey S Hu=E gEss ot @nt B F9AAE AAlA AnES Al
Eeolde A F= TF 4IA, A3 AHBA, A - ol *dA BTl
FZ olgHt AdYzF AEHCIA d¥89 Fxe AA, AddtzAdaAgelM 1
4 =8, FeEEAd, B A9y SEoR, FEFAE BlouesA AR, A
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Fig. 5.2 The geometric probability of collision pier
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Table 532 AlE#olAd thdddtel 8 Ao, Fig. 532 thdAdH 3344
g ol

Table 5.3 Target ship specifications

oAbt DISP.(TON) | A&ZM) | AZM) | EFM) | AHNEH(KTS)

305 DWTH
VLCC

ENGINE v} (HP) 23,493

220,215 332 58 13.5 16.5

Fig. 5.3 Target shipping 3-D image

NV 2FE L QWG SHA A LT AABH L 1FOE, A
gelold A% wnel IUiskE SaA otzde] B3¢ st Table 549
S ESERE L ]

Table 5.4 Environment variables of ship maneuvering simulation

5 87 2R dAF

lals N(000°), 8.0kts
_ x5 1.5 ~ 3.0 kts

¥ =7 ;&:Err 2.0 kts
T 17.0 m
il NW(315°), 20.0kts

At / o)t Z5 FZF / 1.5kts
T4 17.0 m
lals NW(315°), 20.0kts
H| & 5 A %F / 1.5kts

T 17.0 m

_64_



5.3.3 Al EY A AlUge 24

A 74 ol A

A

A

Table 5.5¢}

——
fite)

Table 5.5 Scenario of ship maneuvering simulation

8q| F
g <0 9 (70
= &3 i
I I~ — |
T | N
EURLY
& 7R el
H — —_ | =
N O
< | |EEIRR
= = |
— __Aﬁ__,&l
= ERIRE
! E_.,_W_ <H | <H
—8 g L | 2
NH| X NN 2],
MEl S SERESIRD
195) e o] D~ 0 [ \O
e _nylmrw_wr
2 of o | WE|—
i sl3 9
of || s |||
™ o < N ATHTHT
Tz T|F K
TNET| B |z
Ho O | o |mh|on |
e e
o) NN
— (@ | <t (O
Hjr
5 M| |
0 N |0|®nln
P B B
) ), U0 |V

534 9] It =dFY

:Aﬂ

MK
LO
Ho

o
i

ol
N

L,

13X, Fig. 549 Fig. 559 #o] 7}

o

Fe szl 045°W o 2 oF 51ktsZE

E

oy
Fol uk#lH A °F 3.0kts

=2 A2 Chart Datum(SFH A zx

3o 4 18.3m

oln, TS thollA 291°%& S Z 1,260m(0.68mile) Eo] =

A=

o] Rocke] A8t glom, F=gt) ofzf FZC2 0.55mile Bl |l o

_65_



Hko] QlojA Ao} SH

o No. 2 TH®E7} A 5

Abeamsl= XA H=Z
HEA = vElFE A&

Fig. 5.5 Tide condition of

Fig. 5.4 Chart of Budo Lighthous near Janganseo ~ Budo Lighthouse

o

@ s F Nas P2

Fig. 5.6% Fig. 572 Wetso ¥
9|

2X2 05mile(5 cable)dEolH, |EFANA FE2F= 020°083F =
T 20008 F = 36kts 7|2 H7[HO oy, tug @A d2
T Folls 013°FoR =

ZAN ol 040° o 2 oF 30ktsE EEI WSy
gro] HlAA ¢k 30ktsE 2= Ao 2 AN YT

lo

F2 FAL Chart Datum(SFH A Z2ZH) 7|02 158~195m HFEo|H, @t
S
o

SolA HZW3Fo 2 04mile Bl A A HAAMo] 14.4m FA ] A5+ ¢

DAL 9o} A
=]
_r

AA
No. 139 &
=]

= H
SAY o WS = Exaga
o AT F4E T2 FolA o Fdo] g WA e Fdow A

Hug gPA F3) F95te Bdstoior & Aot

_66_



")yl mri?fhg} ‘

@bsfn{?_%i

( Og X
7 — i1

[ 5" A o7 l_,: . e
.? /ﬁ‘? /

Fig. 5.7 Tide condition of Budo
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Table 5.7 Proximity and passing speed when passing Budo Lighthouse

5 u RE5d 39
ae = T = (m) 29 (kts)
1 11/7 914 13.9
2 11/8 1,108 10.6
3 * 1,120 11.7
4 11/11 1,010 14.5
5 890 14.2
6 11/12 923 10.1
7 999 14.1
8 11/14 854 13.9
9 % 432 14.0
10 11/15 740 13.8
11 502 12.6
12 11/18 928 * 14.7
13 495 12.0
14 11/19 937 13.2
15 952 134
16 11/21 590 11.9
17 1,043 12.8
18 11/26 870 12.3
19 850 13.2
20 11/28 812 12.2
21 704 12.0
22 11/29 685 12.2
23 713 14.2
24 12/2 439 12.3
25 856 s
26 12/3 1,000 12.5
27 12/5 667 13.0
28 824 114
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29 12/6 779 12.6
30 976 13.8
31 12/12 825 12.1
32 708 13.2
33 12/13 730 12.4
34 457 12.9
3 ot ] 803.882 12.6765
FF=Axt 190.23 1.4357
T =3 E 1.2x107
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Ay 248k, 7 F2 JHEegals e RE= A 2= HY ol
AAY 938m(2 82L, 16.2B), & o]AA g 405m(1.22L, 6.98B)°lx, Hg ©| 47
= 688.07m(2.07L, 11.86B)ATE. E3F F3AIS £ HAEH 16.2kts, Ha%
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Table 5.8 Proximity and passing speed when passing Baekam Lighthouse

- - NI=o Soae

s 27 7 5 (m) < & (kts)
1 11/7 446 15.2
3 11/8 606 10.5
4 763 14.9
5 11/11 882 * 162
6 817 15.9




7 11/12 736 15.2
8 11/14 * 938 14.1
9 484 12.3
10 11/15 ** 405 12.0
11 768 9.7
12 11/18 639 15.1
13 534 12.9
14 11/19 793 14.2
15 11/21 672 12.5
16 653 13.8
17 11/28 805 12.2
18 763 13.2
19 11/29 690 14.3
20 614 13.6
21 12/2 695 11.9
22 733 w71
23 12/3 640 13.5
24 12/5 734 12
25 864 11
26 12/6 777 14.6
27 531 14.8
28 12/12 832 14.5
29 627 15.9
30 12/13 587 15
31 570 16.2
o X 688.065 13.5387
®Z=Hx} 129.367 2.09247
FE=3E 5.2x10°

oAU, v Aag

543 5FAA FIQ AF AlEHelA B7L

Table 59%} o] EAAA FZadS A& & o] 4w} 2=
goldo e F 4099 LFARJAAY = AT o /\I%Bﬂol/}i% 43k 309
o] EFA(JAEF =AAN7F VLCCE 243 Adxss 484, /M F2 71
grooAel A= Mg e ZHEE HW o1AA8 1,115m(3.36L, 19.25B),
A o]4A8 320m(0.96L, 5.52B)°] 1 H 678.00m(2.04L, 11.69B) X}
o =3 BE3Ae £He Huh4E 165kts, A4 95ktso] i FA&LEH S
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Table 5.9 Proximity and passing speed when passing Bukjangjaseo

: AN S
ie = =3 = (m) 29 (kis)
1 11/7 = 320 124
2 11/8 837 10.6
3 750 129
4 11/11 931 135
5 685 16.3
6 11/12 642 106
7 11/14 879 152
8 11/15 719 14
9 393 120
10 11/18 563 13.0
11 735 10.9
12 11/19 * 1115 14.9
13 740 9.9
14 11/21 602 114
15 660 138
16 11/28 527 14.7
17 651 129
18 11/29 746 131
19 585 106
20 12/2 452 120
21 610 = 95
2 12/3 797 133
23 12/5 403 141
24 631 133
25 12/6 606 138
2 552 155
27 12/12 736 146
28 805 * 165
29 12/13 650 10.6
30 806 125

P 678 12,8324

_74_



TEAx} 160.741 2.25439
F==38E 1.2x10°
o Holgk, v HAG

Table 5103 #Zeo] A F34 Y& TFst=
A AFRE BY, F 4089 &FAF o] AlgdelA
g EAAN7E VLCCE 2Aste tidelgE T343
3 ZHZE AW oAdAZ 249m(0.75L, 4.29B), HA ©]
1.90B)elaL ¥ oA AT = 206.8m(0.62L, 3.57B)A . HEFH
<42 8.6kts, A4 6.5ktsO)al H 48 7.14ktsH T

[

A9 O3 SHES THE5HES FJrhE] BH, 53 ApRidoez Hyrt
szl FEAN Q] HAE A UEges ¢ Q3 du 534 F=Y
A g AAZEE A3 TAMAS AslA THEHES Tkts olFtE FA TS
24 EAE Qe AoE AgdAn FESE ZHAAE ATA 712 107
TR Eahe 2.1x10701dtk a8y o] £9e 538 uos Au]ol Tail
tugE T2 =S T2 dAdS At FH Hix g FEE FHsr] wEol
Z TAE HA Ee A= HIHIAG

- N SRR
M <7 =A% (m) %7 (kts)
1 11/21 * 249 6.7
2 235 7
3 11/22 193 * 8.6
4 110 * 65
5 12/6 247 6.9
g % 206.8 7.14
¥= Az 58.6362 0.83845
TE &E 2.1x10™
AU, T HAR

Table 5.113 Zo] SKelU A =dHEIS ¢ .
EYolAdS T 2 F 40 FFAHRJIAY A7 VLCCE 2413
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Table 5.11 Proximity and passing speed when passing SK Dolphin

] SK&-+ €% 7|+
HE =% A= (m) %9 (kis)
1 11/7 410 2.7
2 93 0.3
3 11/18 180 16
4 162 1.1
109 12
5 11/11 170 10
167 15
6 485 1.0
87 1.0
7 11/12 237 14
8 109 25
9 11/14 71 05
10 w8 14
218 13
11 11/15 246 16
12 315 13
13 11/18 *430 0.8
14 270 16
15 11/19 240 20
16 125 18
17 11/21 250 17
18 126 13
290 3.0
19 11/22 105 16
20 %) 26
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Table 5.12 Safety evaluation of 5 weak waters
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#Aast7] wiEol Indirect mode(HdaF dAW2)E FHotH H#H-2 Algte] 4439
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Table 5.13 The size of ship and tug power according to the ship’s type

Type of escorted ship Requu;etd 15011:88,;6;38 pull
40,000 dwt Bulk Carrier 40
70,000 dwt Bulk Carrier 60
150,000 dwt Tanker 88
300,000 dwt VLCC. 116
30,000 m® Gas Carrier 32
60,000 m*® Gas Carrier 43
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Table 5.14 The size of tanker and the size of turning power per angle

Tanker Size and Rudder Angle

speed 100,000 dwt 200,000 dwt 300,000 dwt

10° | 15° | 25° | 35° | 10" | 15" | 25° | 35" | 10° | 15" | 25° | 35°
6 kts 25 | 30 | 45| 30 [ 30 | 50 | 60 | 50 | 40 [ 55 | 80 | 60
8 kts 35 [ 55 | 75 [ 60 | 55 | 8 [ 115 | 90 [ 70 | 100 | 140 | 105
10 kts | 60 [ 8 | 120 | 90 [ 90 | 130 | 185 | 145 | 110 | 155 | 220 | 165
12 kts | 85 [ 120 | 175 | 135 [ 130 | 190 | 260 | 205 | 160 | 230 | 320 | 245

5.5.2 VLCC H|Z4® Adut=F AEdolAd =4

PZA HAEZe] AlEdoldol A thdd 2 Half Cargo Cond.o] Alut<4d
308 DWTH VLCColH oIS A4%d Bl Tail Tug
4500018 2#ola F¥/F 5L 3155, 27ktsol ™, FF/F452 056%%, 2.2kts =
1.5m= 2A4 3tk Table 5159 &o] Al g ol Alug] s Adbe] =
d 15% =B} # 302 sy A dial 2vkd Aol xEp] adAs A
d AgelA A2 A TS AR 3T
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Table 5.15 Scenario of ship maneuvering simulation of emergency

H oo &N ﬂﬁ@oﬁﬂ% %ﬁmﬂfr w1
- = =0 o _ o B r % B — =B
i | 7 S TxPen m T T
SEJENES % T g B A G
e . I W T N Y
sOE ST CRITTERR Ty BT x ®
! — o
) 2Pea® eIk Felk <X
I X ™ W ~ W leaﬂ o_EW_m._W W
o~ . mra_a E_. T " i L_Lﬂ]o_u wﬂo_uoo w—mw o N
I e XK o o oq_vm_xﬂz,_@oﬁ ,A]ooF_I/\O No 7o
ﬂﬂmm N n__A;oomﬂUr,ﬂ ﬁoaﬁmﬂﬁﬂmﬁ% H%ﬁ@lﬂ &oq
= @ [~=o) —_ — X N o 55 =
A B BUXcE gnFogzy Yok R
2 R N R oo T R oy
~ oy T oM T RN oo ) W
%) @ o of X ) T xJ B o %o 20 o Oy
5 | & T T o P X T T W ox =
o W e S E £ f = [ o)
B~ B rog e ) r o B R
z B ooy &M e T Tt x EX
= N, = 0] ) 4 o K = < B op N
Nl o R LT T E  x
T 9RO M areXIe Ok gy S &3
°IMT| wm o O F g /g =5 = %o 1o
2 loal F pReaxt wHawL b aETl N dlo
= E CRdhge BELIEEY pETHT  gx
UﬂOJvNLZ,._ ﬁo ,._._.o,mm_|7,mﬂo ,_JXI‘.___O X,._O A,HU_LH ,M
1l No ﬁnﬁdﬂ},_,ao T oW -~ Jﬂ_E qE_E
7O oV © . oo = of o o om0 0
HﬂLo &oﬁ]roﬁé:/ S T r QA]L Yo}
IR Rt ~ o % T T n 2 T dﬁﬂtum Loutodl % 2
A T & =< ©°F T om0 o iy T _
By gy #epgzlyg “exFeT FagnZ Tz
9] K ) ol 5 —_ ] M
= B8 g2 ATy Toh,wx TRES o
¢ D 2 Txmwaet Awmy iy XA g
—_— < To) < —_—
X BT amw e AEeSEw mE T g
w o o0 Wo o o] = X X T Y
S| S| <0 Z,.# i L = ®O o On_ TJ =y ) = ol
Aol T L TwEN RECCOZ P iy o
g o I R N R - B MR
P xR TF T O ™o KoM W Mo op T W =

=
-

ted A 3]

°©

°]-&

=

=

]¥ Escort Tug

A
_81_

of Hj



dol IuA WA F%om,

2olA 2

7}:}
Mo oF 4~5kisZ 74 o] Fo

71E

P webA 37l

S

AA 3FA o7 8o

T
T

Fig. 514 CASE 2-1 FAIRWAY of Incheon bridge~Floodgate

_82_



Table 5163 zEo] <A TH
zF NEdHode AT

Hae] Y 1

w F2El S A A VLCCY AH
A, F 368 wIAH(IAF =AA)7E VLCCE =

Aol A QAXuAole W du T3 HEH
Al

e
)
T
=

% °
N

e
o
o

ils

(O]

(o)

o
ol
2

—_

Qo

ol
G

(e

NS
2 g

ste] QI Bl FEAZMA olFo] 7hedt Ao g HIUMEHAT

AH L 2vtd Aol A A uAoINE wje] AAATE EASH, T 369
o] &gAF o] AlEH oMol F7Ig 33 Foll 2278 (66.67%) AANLE H
%9 28kts®E Ao EHEFEF Tail Tug 2 IS e &
Fs

AR ETEATH 118(3333%)E AANT 3 A BA 37} Tail
2 olgste] ANEY B 35HL Aolae NAEAS A
P2 ok m Ak AAZ 2R HRAS FHI Ao FrEAT

—
o
a9

of
_&-';_1
ol

_83_



Table 5.16 In case of emergency when passing Incheon Bridge

CASE 2-2 CASE 2-1
mes | g A 1vtd Aol A A 2vtd Aol A
AN % A u%
E3} SP'D (kts) =3} SP'D (kts)
1 11/8 6.1 3.4
2 7.0 5.3
3 11/11 7.3
4 6.3 -
5 |11/12 7.6 D THAsHA Bl FA
6 ** D9 AN T3t X A
7 _111/14 6.6 X FHsHA a1 A
8 5.6 A FHstA 2 AA
9 11/15 7.7 2.1
10 6.6 A FHshA 2 A
11 11/18 * 8.7 8.7
12 8.5 A FHshA 2 AA
13 | 11/19 5.7 A FHshA a1 A
14 6.3 QAN T3t X A
15 11/21 6.4 3.5
16 6.7 3.6
17 [ 11/22 5.9 4.6
18 7.4 A n FH3HA & A=A
19 11/25 6.7 3.5
20 6.1 6.2
21 11/28 - 4.4
22 4.0 3.4
23 11/29 6.1 3.4
24 6.3 5.5
25 12/2 6.2 2.7
26 5.8 3.4
27 | 12/3 6.6 AN hn s3stx 4ar AHA
28 5.3 3.2
29 12/5 3.8 3.4
30 34 25
31 12/6 6.5 29
32 7.0 3.6
33 12/12 6.6 4.3
34 6.2 4.2
35 112/13 41 -
36 47 A FHstA 2 AA
3 o X 6.3 2.8
XFHA} 1.3 14
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